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Report No. OWlL4-02.2

I. OBJECTIVES
The objectives of the program are outlined below.

A. To study the stress-corrosion characteristics of lB%enickel maraging
steel with respect to compositional variation.

B. To study the effect of environmental temperature on the rate of stress-
corrosion cracking in three alloys: 18%-nickel maraging steel, a low-alloy marten-
sitic steel, and au hot-worked die steel.

c. To study the electropotential changes occurring in 18%-nickel maraging

steel during stress-corrosion exposure and the effect of applied potential.

D. To evaluate the effectiveness and applicability of surface protection

on 189-nickel maraging steel in preventing stress-corrosion cracking.
I1. WORK PROGRESS
A. BACKGROUND

The presernt program is the second l-year extension of the original
2-year program on stress-corrosion cracking of high-strength alloys. During the
first 2-year study, six alloys were evaluated: Ladish DOAC steel; Type 300 M steel;
Vascojet 1000 steel; AM 355 cold-worked PH steel; precipitation-hardening 15-TMo
stainless steel; and Bl20VCA titanium. Significant failures were found to occur
with the DAAC, 300 M, and Vascojet 1000 steels in tap, distilled, and salt water,
as well as in high-humidity environments; the time to failure for each of the three
steels was found to decrease with increasing strength.

During the first l-year continuation program, attention was focused on
three new high-strength steels plus one high-strength titanium alloy. These alloys
are (1) 20¢-nickel maraging steel, (2) 184-nickel maraging steel, (3) 9Ni-4Co vacuum
melted steel, and (4) 6A1-LV titanium. The titanium alloy showed complete immunity
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II Work Progress, A (cont.) Report No. OL4lh-02-2

to stress-corrosion failure under all test conditions. Limited susceptibility was
noted for the 9Ni-4Co alloy. High susceptibility was noted with both the 20%- and
18¢-nickel maraging steels. Since the original study of maraging steels was started,
the 18%-nickel grade has received increased attention in the aerospace industry,
and is now of f)rimary interest. The present program is therefore directed to the
study of the stress-corrosion behavior of this one alloy, with emphasis on compo-
sitional variation, effect of environmental temperature, and study of electropoten-
tial changes. It is intended to: first, determine the extent of the stress-corro-
sion problem in 184-nickel maraging steel by testing four additional heats; second,
compare the susceptibility of maraging steel with conventional ultra-high-strength
steels; and, third, to investigate further, by electropotential methods, the cause
of failure of 18%4-nickel maraging steel.

B. TEST PROCEDURES

1. Bent Beam Test

The bent-beam test is the primary test method used in the pro-
gram., Figure 1 shows an insulated bent-beam fixture with test samples mounted.
Polycarbonate blocks 7.000 * 0.001 in. apart, attached to a stainless-steel holder,
support the test specimen and insulate it from the holder. Specimens are cut to
exact length to glve a maximum outer-fiber stress of T5% of the 0.2% offset yield
strength. The length-stress relationship is shown in Figure 2.

2. U-Bend Test

In addition to the bent beam testing, U-bend samples are used to
show the effect of elastic stresses combined with plastic deformation. Samples are
bent in a special 1 in. radius fixture after heat treatment and cleaning. Samples
vhich were known to have a low ductility were warmed to 100 to 175°F prior to bend-
ing.

3. Center Notch Test

Figure 3 shows the test specimen configuration used in the accel-
erated center-notch test. This consists of a 1-3/‘4- by 8-in. tensile specimen con-
taining a central notch. The notch is produced by a two-step process. First, a
0.06- by 0.57-in. slot is Elox machined and extended at each end by very narrow
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II Work Progress, B (cont.) Report No. OWlL-02-2

Elox-machined notches of 0.00l-in. root radii. Second, an extension of these notches
is produced by tension-fatigue cycling to obtain fatigue cracke of controlled dim-
ensions.

These center-notched specimens are tested in Baldwin creep-test
machines. The desired loads are obtained by dead weight loading applied to a 20
to 1 lever arm. The test environment is applied by cementing a polyethylene cup
to the specimen in the area of the notch. These specimens are well adapted to stress-
corrosion studies in that crack growth rate, corrosion potential, or corrosion cur-
rent can be conveniently measured.

L, Test Environments

The test environments in this program include those that the re-
sults of the previous year's program indicated were the cause of the most rapid
failure of maraging steel; these are: continuous immersion in aerated distilled
water; continuous immersion in aerated distilied water containing 3% by weight chem-
ically pure sodium chloride; water-saturated air at lhOOF; and natural seacoast
atmospheric exposure. In addition, two new environments are being employed: dis-
tilled water at a thermostatically regulated temperature of 120 ¥ O.loF; and dis-
tilled water thermostatically regulated to 160 * 0.1°F. A1l baths are changed every
10 to 1li days.

c. PROCRAM STATUS

1. Compositional Variation

In order to determine the effect of compositional variation on
stress corrosion of 184-nickel maraging steel, Aerojet is testing four commercial
heats of the material in environments that were found, in the previous year's work,
to produce the most rapid failures. The compositional variation of these four heats
are shown in Table 1, Group b. The only element showing wide variation is titanium,
vhich varies from 0.23 tc 0.55%. Mechanical properties of the four heats are shown
in Table 2, Group b.

Triplicate bent-beam and U-bend specimens of each of these four
heats of material have been exposed to aerated distilled water (Table 3), aerated
3%-sodium chloride solution (Table 4), and 14O°F water-saturated air (Table 5).
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II Work Progress, C (cont.) Report No. OUl4-02-2

The most severe test condition has been found to be water-saturated air (high humid-
ity) at 140°F. AL specimens from each of the four heats falled; the individual
lifetimes ranged from 3 to 27 days for U-bend specimens and 7 to 65 days for bent
beam specimens. No well-defined relationship between failure time and compositional
variation has been obtained, although the 0.23%-titanium alloy is generally the
least susceptible., Failures have beea found to be intergranular. Three of the

four heats of material have shown failures with both U-bend and bent beam specimens
in the aerated distilled water and serated salt water environments. The fourth

heat has had a relatively short exposure time to date.

Specimens of DAAC steel are being exposed to these same envircn-
ments. The data so far indicates that, in each of the three environments, the
DEAC steel is more susceptible thun 18%-nickel maraging steel at the 237-ksi yield-

strength level (600°F) but is far less susceptible at the 203-ksi ydeld-strength
level (1100°F).

2. Environmental Temperature

The second objective is to study the effect of environmental
temperature on the rate of s‘ress-corrosion cracking in three alloys: 18%-nickel
maraging steel, a low-alloy martensitic steel (DGAC), and a hot-worked die steel
(vascojet 1000). To accomplish this, we are repeating the ambient tests in dis-
tilled water at temperatures of 120°F and 160°F. To date, only the tests at 120°F
have been started. These results, Table 6, show slightly more rapid failures at

120°F than at ambieat temperature for both the 18%-nickel maraging steel and the
low-alloy martensitic steel.

3. Electrochemical Measurements

The third objective of the program is to measure the electro-
chemical changes occurring in 18¢-nickel maraging steel during stress-corrosion
exposure and to determine the effect of applied potential on failure time. A pre-
liminary test has been conducted on a center-notched specimen of heat 3960502. The
test setup is shown in Figure 4. Using this test procedure the stress-potential
relationship shown in Figure 5 was obtained. As the stresses at the crack tip, K,

increase by dead weight loading of the specimen, the metal-is found to become more
chemically active. This study is continuing.
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II Work Progress, C (cont.) Report No. OLl4-02-2

L. Surface Preparation

The fourth objective of the present program is to evaluate the
effectiveness and applicability of surface protection in preventing stress-corrosion
cracking on 18¢-nickel maraging steel. Three coating systems, which have shown
some degree of effectiveness in preventing stress-corrosion cracking of H-1ll steel
that has been heat treated to a susceptible level, are being evaluated on a single
heat of 184-nickel marauging steel. Each of the three coatings offers a different
means of protection. The polyurethane coating forms a densc barrier between the
environment and the metal. The inorganic zinc coating serves to provide cathodic
protection to the metal, while the inhibited-epoxy coating protects the metal both
by forming a barrier and by chromate compounds within the coating. As shown in
Table 7, maraging steel coated with the zinc-bearing coating fails more rapidly
than uncoated material, while the polyurethane coating offers same protection. The
chromate-inhibited epoxy coating is the most effective cf the three in preveniing
stress-corrosion cracking on either H-11 or 18%-nickel maraging steel.

D. FUTURE WORK

Work during the remainder of the contract period will involve: (1)
evaluation and environmental testing of the Vascojet 1000 material for comparison
with materials in testing; (2) testing of all materials in 160°F distilled vater
and in seacoast environments, (3) electrochemical experiments to determine the ef-

fect of applied potential on stress corrosion and (4) continued evaluation of re-
sults to establish correlations.
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IABLE 3
STRESS-CORROSION TEST RESULTS

AERATED DISTILLED WATER

Report No. O41L4-02-2

Szi:i:th Failure* Failure Time, hours**
Material Heat No. kel Ratio Mean Range
Bent Beam Testg¥#*#
20%-Ni Maraging Steel W-24254 291.3 5/3 11 10.2-18
189-Ni Maraging Steel 3960523 181.5 0/3 - NF 1830
07868 248.2 2/3 1030 980-NF 1080
3960502 249.9 3/3 68 50-85
56858 267.7 0/3 - NF 430
07268 279.1 3/3 500 483-512
184-Ni Maraging Steel W-24178 283.0 3/3 34,5 20.5-27.5
DAAC Steel W-23217 203.1 o/3 - NF 750
204.6 0/3 - NF 750
21k.5 0/3 - NF 750
D6AC Steel W-23217 237.4 2/3 725 TOO-NF 750
U-Bend Testg#t##
204-Nickel Maraging Steel  W-2425h 291.3 2/2 3.5 1l.4-5.5
184-Ni Maraging Steel 3960523 181.5 1/3 1980 1900-NF 2070
07868 248.2 2/3 880 480-NF 1540
3960502 249.9 1/2 625 600-NF 650
¢56858 267.7 0/3 - NF 24
184-Ni Maraging Steel 07268 279.1 2/3 1530 LOT-NF 2350
DEAC Steel W-23217 203.1 0/2 - NF 940
204.6 0/2 - NF 940
214.5 1/2 690 43:-NF 940
DGAC Steel W-23217 237.4 2/2 Lo 1.2-6.8
*:Ratio of samples failed to samples tested.
xxx NF" indicates no failure at the time given.
sxupoamples stressed to 75% of yield point.
Samples stressed beyond yield point.
Table 3
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TABLE L

STRESS-CORROSION TEST RESULIS
AERATED SALT WATER

Szi:i:th Failure* Failure Time, hours¥**
Material Heat No. ksi Ratio Mean Range
Bent Beam Testg*##
209-Ni Maraging Steel W-2u254 291.3 3/3 7.3 6-8.5
184-Ni Maraging Steel 3960523 181.5 0/3 - NF 1830
07868 au8,2 0/3 - NP 1080
3960502  249.9 3/3 430  140-700
C56858 267.7 0.3 - NF 430
07268 279.1 3/3 1070  119-1970
184-Ni Maraging Stesl W-24178 283.0 3/3 52  19-100
DEAC Steel W-23217 203.1 0/2 - NF 750
204.6 0/3 - NF 750
21k.5 0/3 - NF 750
DOAC Steel W-23217 237.4 1/3 580  240-NF 750
U-Bend Testg**#*
204-Ni Maraging Steel W-24254 291.3 2/2 2.4 1.9-2.9
184-Ni Maraging Steel 3960523 181.5 0/3 - NF 2070
07868 2u8.2 S 1/3 1130 312-NF 1540
3960502 249.9 0/0 - .

. C56858 2€7.7 0/3 - NF 2k
184-Ni Maraging Steel 07268 279.1 0/3 - NF 2350
D6AC Steel W-23217 203.1 0/2 - NF 940

204, 6 0/2 - NF 940
1 2lk.5 0/2 - NF 940
D6AC Steel W-23217 237T.4 2/2 1.0 0.8-1.2
*:Ratio of samples failed to samples exposed.
wwx NF' indicates no failure at the time given.
wxuySamples stressed to 75% of yield strength.
Samples stressed to beyond yield strength.
Table 4
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TABLE 5

STRESS-CORROSION TEST RESULTS
1LOCF WATER-SATURATED AIR

Report No. O4lu-02-2

‘ Sty;:':}z:th Failure* Failure Time, hours**
Material Heat No. ksl Ratio Mean Range
Bent Beam Testg¥®
20%-Ni Maraging Steel w-2kash 291.3 3/3 100 22-1Th
184-Ni Maraging Steel 3960523 181.5 3/3 1500 1318-1560
07868 2L8.2 3/3 600 480-T122
3960502 249.9 3/3 370 170-475
56858 267.7 3/3 190 167-236
07268 279.1 3/3 965 320-2040
184-Ni Maraging Steel W-2L198 283.0 3/3 21 20.5-21.5
DEAC Steel W-23217 203.1 0/2 - NF 750
l 204.6 1/3 676 528-NF 750
21k.5 3/3 333 309-381
D6AC Steel w-23217 237.4 3/3 142 T2-213
J-Bend Testgh***
184-Ni Mara’ging Steel 3960523 181.¢ L/4 252 120-407
07868 248.2 3/3 378 282-426
3960502 249.9 2/2 167 167-167
©56858 267.7 3/3 T0 70-T0
184-Ni Maraging Steel 0728 279.1 3/3 527 470-640
DAAC Steel W-23217 203.1 0/2 - NF 940
204.6 2/2 372 244500
21L.5 2/2 217 191 -4k
DGAC Steel w-23217 237.4 2/2 1 1

*
sppatio of samples failed to samples tested.
xxx NF"' indicates no failure at time given

9%

Semples stressed to T5% of yield strength.

Samples stressed beyond yield strength.

Table 5
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TABLE 6

STRESS-CORROSION TEST RESULTS
120°F DISTILLED WATER

Report No. OllL-02-2

SZi‘:Ill:th Failure* Failure Time, hours**
Material Heat No. ksi Ratio Mean Range
Bent Beam Testgh#¥*
184-Ni Maraging Steel 396052 181.5 0/3 - NF TT0
67868 2u8.2 3/3 532 500-596
3960502 249.9 2/2 165 16L-166
56858 267.7 3/3 348 324-396
18¢-Ni Maraging Steel 07268 279.1 3/3 LT 3%6-668
DAAC Steel W-23217 203.1 0/3 - NF 750
20k4.6 0/3 - NF 750
214.5 3/3 £95 64L-T4O
DAAC Steel W-23217 237.L4 3/3 245 213-310
J-Bend Testg¥s#*
20%-Ni Maraging Steel W-2U254 291.3 3/3 347 180-668
184-Ni Maraging Steel 396052 181.5 3/% 359 245-500
07868 248.2 3/3 196 180-218
3960502 249.9 2/2 133 121-1k4s
€56858 267.7 0/3 - NF 24
184-Ni Maraging Steel 07268 279.1 3/3 L1l 331-500
DEAC Steel W-23217 203.1 0/2 - NF 940
204.6 1/2 915 890-NF 940
21k.5 2/2 537 335-T40
DEAC Steel W-23217 237.4 2/2 2.3 1.6-3.0
*:Ratio of samples failled to samples exposed
sux NF' indicates no failures at time given.
xxxySamples stressed %o 75% of yield strength.
Samples stressed beyond yield strength.
Table 6
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